Abstract. ) is a small non-coding RNA encoded by a gene located on chromosome 14 (14q32.31). Its expression is regulated by the transcription factors EF12 and EF47, in addition to promoter methylation status and the fusion oncoprotein mixed-lineage leukemia-AF9. Previous studies suggest that miR-495 is involved in various developmental, immunological and inflammatory processes in healthy tissue, and in the proliferation, invasion, metastasis and drug resistance of cancer cells. The role miR-495 serves in tumors is controversial. miR-495 primarily functions as a tumor suppressor; however, in a number of cases it acts as an oncogene. miR-495 has potential applications as a diagnostic and prognostic marker, and as a therapeutic target for genetic and pharmacological manipulation in the treatment of various diseases.
Introduction
MicroRNAs (miRNAs or miRs) are small, non-coding single-stranded RNAs that contain ~22 nucleotides. They negatively regulate gene expression at the post-transcriptional level by inducing translational inhibition or mRNA degradation (1) . miRNAs are encoded by their own genes or the introns of host genes (2) and mature miRNAs are generated through a multistage process. Initially, the miRNA gene is transcribed by RNA polymerase II or III in the nucleus to form primary miRNA (pri-miRNA) (3). pri-miRNA is then processed into a characteristic stem-loop sequence called precursor miRNA (pre-miRNA) by the ribonuclease III enzyme Drosha (4) . The pre-miRNA is subsequently transported into the cytoplasm by exportin-5 and cleaved to form a short-lived double-stranded RNA. One strand is typically degraded and the mature miRNA strand is incorporated into an Argonaute protein-containing complex called the RNA-induced silencing complex (5) .
miRNAs serve essential roles in physiological and pathological processes, by incomplete or complete complementary binding to the 3' untranslated region of their target mRNAs. In certain circumstances, miRNA genes are closely located and form an miRNA cluster (6) . A large number of clustered miRNA genes have been identified, in which the expression and regulatory function of the clustered miRNAs are cooperative and share cis-regulatory elements. With increasing numbers of miRNA being identified, the size of this miRNA cluster will increase; however, the regulatory mechanisms underlying the expression of these miRNAs remains unclear. The human 14q32.31 gene cluster is located in an imprinted region of the genome and contains a number of genes encoding miRNAs, the majority of which exhibit similar biological activities (7). The miRNA miR-495, is a member of the 14q32.31 miRNA cluster and has been well investigated. Along with other miRNAs in the 14q32.31 cluster, miR-495 is involved in promoting the development of normal tissue and regulating proliferation, apoptosis, metastasis and chemosensitivity in cancer cells. Therefore, in the present review the regulation of expression of miR-495, its roles in development, immunity and inflammation in normal tissue, and its regulatory function in cancer were investigated.
Genetic structure and regulation of miR-495
The miR-495 gene is located on 14q32.31 and contains a single exon. The miRNA gene cluster 14q32.31 contains the gene for miR-495, along with the genes encoding miR-299-5p, miR-376a, miR-376c, miR-300, miR-380, miR-494, miR-1197 and others (Fig. 1) . miRNAs in this cluster perform similar activities in normal and diseased tissues (8, 9) . The miR-495
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pair, miR-495-3p and miR-495-5p are cleaved from the 3'-and 5'-strands of the stem-loop structure of pre-miRNA-495, respectively (10, 11) . Ectopic miR-495 serves an essential role in tumor tissues. Previous studies have demonstrated that miR-495 expression is associated with promoter methylation status and transcriptional factors, such as EF12 (12, 13) . In gastric cancer (GC), promoter hypermethylation has been demonstrated to induce deregulation of miR-495 (12). Furthermore, low-level cytosine-phosphate-guanine methylation of the miR-495 gene and expression of miR-495 were recovered following treatment with 5-Aaza-2' deoxycytidine, a DNA methyltransferase inhibitor (12) . In addition, transcriptional factors serve a role in regulating the expression of miR-495. In breast cancer stem cells, increased expression of miR-495 was demonstrated to be induced by the transcriptional factors E12 and E47 (13) . Expression of E12/E47 is associated with miR-495 promoter activity (13) . The overexpression of the fusion protein mixed-lineage leukemia (MLL)-AF9 was demonstrated to significantly downregulate expression of miR-495 (14) . Thus, the MLL-AF9 fusion protein potentially acts as a silencer of miR-495. Further studies are warranted to explore other mechanisms regulating the expression of miR-495.
Role of miR-495 in healthy tissue
Role of miR-495 in development. miR-495 is involved in the development of stem cells, cartilage and pancreatic acinar cells. Through specifically targeting DNA methyltransferase 3a, miR-495 promotes the mesendoderm differentiation of mouse embryonic stem cells during the first two days of embryoid body development (15) . miR-495 is also a significant regulator of chondrogenic differentiation in human mesenchymal stem cells. Potentially, miR-495 induces a higher expression of SRY-box 9 (SOX9), which ultimately contributes to chondrogenic differentiation (16) . SOX9 is an important regulator of mesenchymal condensation in the early stages of cartilage differentiation (17) . Hence, the function of SOX9 in chondrogenic development may be miR-495 dependent. miR-495 is an essential factor for normal pancreatic development. Along with the miRNA let-7b, miR-495 induces the differentiation and prevents metaplasia of pancreatic acinar cells by repressing hepatocyte nuclear factor 6 (18). In humans, miR-495 and other miRNAs in the 14q32.31 cluster also take part in the differentiation of hematopoietic stem cells and neovascularization (19, 20) .
Role of miR-495 in inflammation and immunity.
In regards to inflammatory diseases, miR-495 is primarily associated with Crohn's disease (CD). Mutations in the coding region of nucleotide binding oligomerization domain containing protein 2 (NOD2) are strongly associated with CD pathogenesis. The expression of proinflammatory [interleukin (IL)-6, IL-8 and TNF-α] and anti-inflammatory (IL-10) factors are influenced by NOD2 (21) . In the human colonic epithelial cell line HCT116, NOD2 is the downstream target of miR-495 (22) . Subsequently, upregulated NOD2 causes inflammation by inducing the expression of IL-8 and C-X-C motif chemokine ligand 3 (11, 23) . This partially explains the mechanisms underlying inflammation in CD. Furthermore, the activation of platelets serves a significant role in the development of inflammatory bowel disease (24) . miR-495 activates platelets in CD by upregulating kelch like family member 5, the activated platelets then produce a variety of inflammatory factors and cause local vascular inflammation (25) . This demonstrates a further inflammatory mechanism in CD.
miR-495 serves a role in immunity. NOD2 effects innate immunity through its expression in antigen-presenting cells. (26) . As ectopic miR-495 affects the expression of NOD2, this indicates that miR-495 serves a role in the immune response. A role of miRNAs in adaptive immunity was identified by Choi et al (10) , through infecting mice with the highly virulent avian H5N2 virus. Nine miRNAs that were upregulated in the lungs following this were identified, including miR-495. Four other highly expressed miRNAs were selected and identified to be associated with the immune response, apoptosis and viral replication. However, the activity of miR-495 was not studied and further studies are required to confirm that miR-495 serves a role in the immune response.
Role of miR-495 in tumors
Tumorigenesis is a complex process, which progresses at a cellular, genetic and epigenetic level, and ultimately leads to uncontrolled cell growth and abnormal apoptosis (27) . Previous studies have demonstrated that miR-495 serves essential roles in promoting proliferation, invasion, metastasis and chemosensitivity of solid tumors and hematological tumor cells.
Ectopic miR-495 regulates cell proliferation, invasion, metastasis and tumorigenesis in solid tumors. miR-495 serves an
anti-tumor role in the majority of solid tumors. Phosphatase of regenerating liver-3 (PRL-3) has been associated with the invasion and metastasis of gastric cancer cells (28) . In GC tissues, miR-495 expression is associated with PRL-3 upregulation. Experiments in gastric cancer cell lines demonstrated that PRL-3 is a downstream target of miR-495, and that the invasion and metastasis of tumor cells was inhibited by transfection of miR-495 mimics (12, 29) . miR-495 acts as a tumor suppressor and is downregulated in non-small cell lung cancer (NSCLC) (30) . Increased metastasis associated 1 family member 3 (MTA3) is a recognized risk factor for lymph node metastasis in NSCLC. Deregulation of miR-495 could influence the metastasis of NSCLC by targeting MTA3 mRNA for degradation. Additionally, in glioblastoma multiforme U-251 cells loss of miR-495 increases glucose uptake and lactate secretion, which promotes proliferation, as miR-495 is no longer targeting cyclin-dependent kinase 6 for degradation (31) . Finally, downregulation of miR-495 has been associated with tumorigenesis in metastatic prostate cancer (9) . These observations support the hypothesis that miR-495 acts as a tumor suppressor.
Increased expression of miR-495 has been associated with a carcinogenic effect in a number of solid malignancies. In breast cancer stem cells, epithelial-cadherin (E-cadherin) and DNA damage inducible transcript 4 (REDD1) have been investigated, with results suggesting they are direct targets of miR-495 (13) . Overexpression of miR-495 leads to the downregulation of E-cadherin and the subsequent promotion of cell invasion (13) . Furthermore, decreased REDD1 expression, due to overexpression of miR-495, results in the release of inhibition of the mechanistic target of rapamycin signaling pathway, promoting the proliferation of cancer cells in hypoxic conditions (13) . Additionally, miR-495 serves a role in the growth, apoptosis and metastasis of hepatocellular carcinoma (HCC) cells (32) . Upregulation of miR-495 contributes to lower methionine adenosyltransferase 1A (MAT1A) expression in HCC through suppressing the translation and increasing the degradation of MAT1A mRNA (32) . In murine models of HCC, stable overexpression of miR-495 was demonstrated to promote tumorigenesis and metastasis (32) .
miR-495 was demonstrated to have similar functions in gallbladder cancer (GBC) to those it has in breast cancer and HCC. A previous study identified that PH domain and leucine rich repeat protein phosphatase (PHLPP) is a target of miR-495 (33) . PHLPP acts as tumor suppressor and survivin has a strong anti-apoptotic effect in GBC (34, 35) . PHLPP can regulate the activity of survivin directly through phosphorylation and nuclear export, or indirectly through Figure 1 . Location of the 14q32.31 miRNA cluster on chromosome 14 (<10 kb from hsa-miR-495), the miRNA genes it contains and the structure of the gene encoding miR-495. miR-495 has two mature types, miR-495-5p and miR-495-3p. The high-level CpG methylation of the miR-495 gene in the promoter region results in the deregulation of miR-495. E12 and E47 induce, and MLL-AF9 represses, the transcription of miR-495 through binding to the TFBS. CpG, cytosine-phosphate-guanine; MLL, mixed-lineage leukemia; TFBS, transcription factor binding site. Figure 2 . miR-495 is regulated by the transcription factors EF12 and EF47, promoter methylation status and the fusion oncoprotein MLL-AF9. miR-495 negatively modulates the expression of its target mRNAs (PHLLP, CDK6, REDD1, MTA3, PRL-3, E-cadherin and MAT1A) and is involved in anti-apoptosis, tumor growth, metastasis and invasion through the AKT, mTOR and E-cadherin signaling pathways. MLL, mixed-lineage leukemia; PHLLP, PH domain and leucine rich repeat protein phosphatase; CDK6, cyclin dependent kinase 6; REDD1, DNA damage inducible transcript 4; MTA3, metastasis associated 1 family member 3; PRL-3, phosphatase of regenerating liver-3; E-cadherin, epithelial-cadherin; MAT1A, methionine adenosyltransferase 1A; P, phosphorylation; AKT, AKT serine/threonine kinase; mTOR, mechanistic target of rapamycin.
the protein kinase B/AKT serine/threonine kinase (AKT) signaling pathway, leading to the inhibition of apoptosis and promotion of proliferation of GBC cells. It has been proposed that a miR-495/PHLPP/AKT/survivin anti-apoptosis signaling pathway exists (Fig. 2) (33) .
Identifying the specific role of miR-495 in tumors remains a challenge. The reason why miR-495 is upregulated in some cancers and downregulated in others remains unclear. Various studies indicate that the expression of miR-495 is associated with V-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog (KRAS) (36, 37) . miR-495 is upregulated in KRAS-positive adenocarcinomas, such as those of the lung and pancreas (36, 37) . As miR-495 serves essential roles in numerous cancers, further studies are required to investigate the regulatory mechanisms underlying miRNA-495 expression.
miR-495 in hematological malignancies. Acute myeloid leukemia (AML) is a heterogeneous group of hematopoietic malignancies. Specific gene mutations and chromosomal aberrations are frequently found in AML and contribute greatly to the pathogenesis of the disease. AMLs with MLL rearrangements are associated with intermediate or poor patient survival (38) . miRNAs significantly regulate the process of leukemogenesis.
In a large-scale genome-wide study, miRNA expression profiling analysis demonstrated that miR-495 was expressed at a lower level in MLL-rearranged AML compared with non-MLL-rearranged AML and the normal control samples (14) . Through targeting pre-b-cell leukemia transcription factor 3 and Meis homeobox 1, miR-495 suppresses MLL-fusion-mediated cell transformation, leukemogenesis and viability, and promotes apoptosis (14) . Studies investigating the role of miR-495 in leukemia have suggested that fusion proteins are an essential factor in leukemogenesis. As discussed above, miR-495 was identified to be downregulated by MLL-AF9 in cytological and animal experiments (14) . Consequently, in MLL-rearranged AML, fusion proteins are important in modulating the expression of miR-495. Aberrant overexpression or underexpression of miR-495 deregulates target gene expression and signaling pathways to promote leukemogenesis, indicating that miR-495 expression is a prognostic marker for AML.
miR-495 enhances tumor sensitivity to chemotherapy. The occurrence of drug resistance results from multiple processes, such as drug transport and metabolism, DNA synthesis and repair, and cell proliferation and apoptosis (39, 40) . miRNAs serve a role in increasing chemosensitivity. However, the downregulation of miRNAs whose encoding genes are located on chromosome 14q32.31 is associated with chemotherapeutic resistance in cancer (41) (42) (43) .
miR-495 is downregulated in patients and cell lines with drug resistance, indicating that it primarily functions as an anti-tumor factor by increasing chemosensitivity. miR-495, together with other miRNAs encoded by the 14q32.31 gene cluster, may increase chemosensitivity in lung, breast and pancreatic cancer, in addition to leukemia, which could improve survival. In human lung adenocarcinoma cisplatin-resistant A549/CDDP cells, multidrug resistant cell lines of NSCLC, overexpression of miR-495 downregulates ATPase copper transporting α (ATP7A) and enhances sensitivity to cisplatin (CDDP) (44) . Knockdown of ATP7A produces similar effects. Additionally, miR-495 could increase intracellular CDDP concentration and overexpression of ATP7A could reduce the effect caused by miR-495 (44) .
In small cell lung cancer (SCLC), miR-495, miR-134 and miR-379, whose genes are located in chromosome region 14q32.31, have been demonstrated to increase sensitivity to anti-cancer drugs containing cisplatin, etoposide and doxorubicin (45) . It has been proposed that Rho-family GTPase 3 is a potential target of miR-495. Similarly, miR-495 increases chemotherapeutic sensitivity in chronic myeloid leukemia (CML) (43) . Numerous 14q32.31 cluster-located miRNAs are downregulated in the stable Adriamycin (ADM) -resistant cell line K562/ADM (43) . Transfecting K562/ADM cells with miR-495 mimics was demonstrated to increase sensitivity to ADM by downregulating P-glycoprotein expression (43) . In pancreatic cancer, garcinol sensitizes cancer cells to gemcitabine by upregulating miR-495 and activating miR-495-associated signaling pathways (37) . As drug resistance is a major problem faced in the treatment of cancer, patients who have a poor response to chemotherapy will benefit from agents that sensitize cancer cells to chemotherapy. The use of miRNA-495 is a promising therapeutic approach for the treatment of multidrug resistant cancers.
The expression profile of miR-495 and its targets, and its roles in cancer are described in Table I . The regulatory roles of miR-495 in disease are primarily determined by its negative activity on the expression of its target mRNAs. At present, the expression and regulation of miRNA-495 has only been studied in certain cancers. Further research is warranted to investigate the role of miRNA-495 in other malignant diseases.
Conclusions
In the present review, the participation of miR-495 in numerous normal biological processes, including development, immune responses and angiogenesis has been highlighted. In addition, miR-495 serves an essential role in pathological processes, such as inflammation and tumorigenesis. In human cancers, miR-495 is typically downregulated and has an anti-tumorigenic effect. Similarly to other miRNAs encoded by genes located in the 14q32.31 miRNA cluster, miR-495 is able to arrest proliferation, inhibit invasion and induce the apoptosis of cells. Importantly, miR-495 and other miRNAs encoded by this cluster increase the sensitivity of cancer cells to chemotherapy drugs through raising intracellular drug concentration.
The regulation, expression and function of miR-495 remains controversial. miR-495 has been demonstrated to be upregulated and act as an oncogenic factor in breast cancer, hepatocellular carcinoma and gallbladder cancer. At present, the precise mechanisms driving its upregulation or downregulation remain to be elucidated. As discussed in the current review, miR-495 is regulated by the transcription factors EF12 and EF47, in addition to promoter methylation status and the MLL-AF9 oncoprotein. In addition, miR-495 appears to be selectively overexpressed in KRAS-positive adenocarcinomas, where it acts as an oncomiR. Whether KRAS is a determining factor for the upregulation of miR-495 remains unknown. Further studies on miR-495 are required to ascertain the molecular mechanisms underlying the regulation and function of miR-495. Preclinical research will aid in the understanding of the tumor-specific expression pattern of miR-495 and its role in specific types of cancer. In conclusion, present research indicates that miR-495 is a potential diagnostic and prognostic biomarker, and could provide a novel therapeutic approach for the treatment of multidrug resistant cancers.
